CD26/dipeptidyl peptidase IV, which are two abundant proteases under inflammatory conditions
. Thus, precisely controlled and sustained delivery of SDF-1␣ may be crucial for driving stem cells homing to the injured site and enhancing tissue regeneration.
Gene activated matrix allows local and sustained release of plasmid DNA to the desired site. It has been used effectively in a variety of applications, including regeneration of injured bone, blood vessel and heart tissue [21] [22] [23] [24] . It 
Materials and methods

All used animals received humane care and animal experiments conformed to the 'guide for the care and use of laboratory animals' published by the U.S. National Institutes of Health (NIH Publication No. 85-23, revised 1996).
Chemicals and reagents
Branched polyethyleneimine (PEI) with average molecular weight (MW) of 25 kDa, MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) and Ethidium bromide (EB) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Dimethyl sulfoxide (DMSO) with high purity (Ն99.5%) was purchased from ROTH (Roth Chemical, Karlsruhe, Germany). Rat tail collagen was purchased from Millipore (Billerica, MA, USA). All chemicals and reagents were used directly without further purifications.
Amplification and purification of plasmid DNA
Plasmid pRE-Luciferase (pREP4-Luc) and pcDNA3.1-LacZ (Invitrogen, Carlsbad, CA, USA) were used as received without further modification.
Plasmid (pEGFP-N3-SDF-1␣) was cloned by our laboratory by encoding SDF-1␣ gene into pEGFP-N3 vector (Clonetech, Palo Alto, CA, USA). The co-expression of EGFP and SDF-1␣ has been confirmed in our previous
work [25] . Thus 
Preparation and characterization of GAC
The PEI/DNA complex was prepared according to Li et al. [26] . Briefly 
mm). GAC (PEI/pEGFP-N3-SDF-1␣/collagen, N/P ϭ 4, C/D ϭ 1) was coated onto a glass slide. As a control, GAC (PEI/pEGFP-N3/collagen, N/P ϭ 4, C/D
In vivo transfection
The GAC solutions Fig. 1A and B.
RT-PCR
Statistical analysis
Statistical analysis was performed with one-way analyses of variance (ANOVA). Results were expressed as average Ϯ standard deviation. A P-value Ͻ 0.05 was considered to be statistically significant.
Results
Characterization of GAC
Besides plasmid DNA, GAC is composed of PEI and collagen. To investigate whether collagen affects the DNA condensing abilities of PEI, DNA condensing abilities of PEI and collagen were studied by gel retardation assay. Electrophoretic mobility of DNA after being condensed by PEI and collagen are shown in
Both of PEI and collagen can retard DNA motility. And the retardation ability increased with the PEI or collagen amount. At PEI/DNA ratio (N/P ratio) 1 and collagen/DNA mass ratio (C/D ratio) 6, the DNA was retarded completely. Hence we select C/D ratio 1 as the
Fig. 1 Characterization of GAC. Plasmid DNA (pREP4-Luc) retardation by (A) PEI at various N/P ratios and (B) collagen at various C/D ratios. (C) GAC (PEI/pEGFP-N3-SDF-1␣/collagen) complexes size influenced by N/P and C/D ratios. (D) Released speed of PEI/DNA (pcDNA3.1-LacZ) complex from collagen substrate. The results were expressed as average Ϯ standard deviation (N ϭ 6).
optimal ratio for GAC assembly to reduce the effect of collagen on condensing ability of PEI.
The effect of collagen on the complexes size of PEI/DNA is shown in Fig. 1C . There were no apparent effects of collagen on the size of PEI/DNA complexes under N/P ratios ranging from 2 to 6. PEI/DNA complex release speed from the GAC, one crucial property of the substrate, was investigated and the result is shown in Fig. 1D . On the first day, about 37% of complexes were released from GAC. After that, the release speed slowed down and sustained release up to 2 months was observed. The cumulative amount of released complexes after 67 days was approximately 41%. whereas the transfection efficiency of the GAC (Fig. 3) (Fig. 4) , suggesting the GAC could efficiently deliver genes into the cells cultured on it. (Fig. 6A) . CD117 ϩ cells isolated from mice with purity Ն90% (Fig. 6B) (Fig. 6C) . Figure 6D, (Fig. 8A and Figure 9A and B showed that, comparing with the naked membrane, GAC-coated membrane did not induce obvious extra inflammation. There was inflammation still observed after 1 week of transplantation (Fig. 9C) . However, after 2 weeks, the inflammation significantly diminished and remained only at the zone surrounding the membrane (Fig. 9D ).
Cytotoxicity and in vitro transfection
The transfection was further confirmed by seeding COS7 cells on GAC (PEI/pEGFP-N3-SDF-1␣/collagen, N/P ϭ 4, C/D ϭ 1) assembled with above optimized parameters
Localized gene delivery is an expected property of gene-activated substrate. Localized gene delivery from GAC was evaluated by (PEI/pcDNA3.1-LacZ/collagen)-GAC and (PEI/pEGFP-N3-SDF-1␣/collagen)-GAC, respectively. As shown in Fig. 5, the transfected cells were confined to the GAC-coated area. The expression of reporter genes, LacZ and EGFP, was detected and formed a
Fig. 2 Cytotoxicity of PEI/DNA complexes at the absence (collagen free) and presence of collagen (GAC). N/P ratios and DNA dosages (expressed as
In vitro CD117 ؉ stem cells migration and homing
To investigate the attraction of (PEI/pEGFP-N3-SDF-1␣/ collagen)-GAC on CD117 ϩ cells, COS7 cells were seeded on a (PEI/pEGFP-N3-SDF-1␣/collagen)-GAC and (PEI/pEGFP-N3/ collagen)-GAC-coated glass slide and put in a flow chamber
Fig. 4 EGFP expression of COS7 cells transfected by GAC (PEI/pEGFP-N3-SDF-1␣/collagen) assembled with optimized parameters (DNA dosage 10 g/cm 2 , N/P ratio 4 and C/D ratio 1). (A) Cells expressing EGFP, (B) phase contrast image of cells, (C) merged image. (Bar ϭ 100 m).
Fig. 5 Localized gene delivery mediated by GAC. X-gal staining of pcDNA3.1-LacZ transfected COS7 cells appeared blue in (A) complete view and (B) enlarged view. Transfected COS7 cells locally expressed EGFP in designed areas. (C) Fluorescence microscopic picture, (D) phase-contrast microscopic picture and (E) merged picture. The dotted lines indicate the border of the GAC-coated and uncoated areas. (Bar in A ϭ 5 mm; Bars in B-E ϭ 100 m).
COS7 cells. (D) EGFP expression of COS7 cells cultured on the GAC (PEI/pEGFP-N3-SDF-1␣/collagen)-coated area, (E) a CD117
In vivo experiment
The in vivo co-expression of EGFP and SDF-1␣ was evaluated 3 days after transplantation of the (PEI/pEGFP-N3-SDF-1␣/ collagen)-GAC-coated membrane by triple-immunostaining of EGFP, SDF-1␣ and nuclei of the cryosections. Figure 7 showed co-expression of both EGFP and SDF-1␣. No expression of EGFP or SDF-1␣, was found in control group transplanted with naked membranes. RT-PCR result showed that CD117 was up-regulated in the tissue transplanted with (PEI/pEGFP-N3-SDF-1␣/collagen)-GACcoated membrane
B). Comparing with the group transplanted with (PEI/pEGFP-N3/collagen)-GAC-coated membranes, CD117 expression showed statistically significant
Fig. 7 In vivo co-expression of EGFP and SDF-1␣ induced by GAC (PEI/pEGFP-N3-SDF-1␣/collagen) was evaluated by triple staining of EGFP, SDF-1␣ and nuclei. The GAC was pre-coated on mixed cellulose ester membrane, and then transplanted into the quadriceps of mice. The cryosections were evaluated after 3 days of transplantation (E, F, G, H) by comparing with a negative control which was transplanted with a naked membrane (A, B, C, D). Fluorescence microscopic pictures of (A, E) EGFP staining, (B, F) SDF-1␣ staining and (C, G) nuclei staining and phase-contrast microscopic pictures (D, H). (Bar ϭ 100 m).
Fig. 8 The in vivo up
Discussion
In 
days after transplantation (A). The tissues transplanted with GAC-coated membrane were harvested, respectively, at days 3 (B), 7 (C) and 14 (D) after transplantation. (Bar ϭ 200 m). The arrows indicate the naked membrane (A) and GACs-coated membranes (B, C, D).
tissue and favours stem cell engraftment. Third, the degradation rate of collagen can be easily controlled with noncytotoxic crosslinking agents such as carbodiimide [31] . Furthermore, collagen is also chemotactic to mesenchymal stem cells [32] , fibroblast [33] and other cell types [34] . In present study, SDF-1␣ plasmid condensed by PEI 
